BACKGROUND. Somatization is a common, costly problem with great morbidity, but there has been no effective screening method to identify these patients and target them for treatment.
Somatization is defined here as the presence of physical symptoms of at least 6 months duration with no organic disease explanation or, occasionally, where an organic disease is present but does not fully explain the frequency or intensity of a patient's symptoms. [1] [2] [3] Clinicians seldom recognize somatization 4 -7 and may treat it inappropriately when they do, [7] [8] [9] leading to frustrated patients, repeated visits, and many requests for tests in a desperate attempt to get well. [7] [8] [9] Unnecessary tests, ill-advised hospitalizations and surgery, "trial" treatments (eg, antibiotics, corticosteroids) for unidentified organic diseases, and use of addicting and other medications lead to high iatrogenic complication rates. 7,8,10 -12 Chronic somatizers have high psychiatric comorbidity, persistent high use of medical and mental health services, high levels of disability, and increased unemployment. 13 Compared with chronically ill medical patients as well as to normals, they have decreased physical functioning, lower perceptions of their state of health, and worse mental health. 14 Severe chronic somatizing patients spent an average of 7 days in bed in the month before one study, compared with one-half day for the general medical population; 83% had stopped work because of their symptoms. 14 Many studies show high costs and excessive utilization in somatizing patients. 11, 14 -19 Somatizers thus are a disabled group of patients who are not improving and, if anything, getting worse in spite of high utilization and costly care.
We addressed one dimension of the somatization problem by evaluating a screening procedure to identify somatizers from computerized data systems in a staff model HMO. We wanted to efficiently identify high utilizing patients with no organic disease explanation for physical symptoms of at least 6 months' duration. 1, 3 A successful screening procedure will not burden busy clinicians and will identify "at risk" patients who can be targeted for more effective treatment than usually is provided. 20 -22 During an unpublished pilot study, we observed that many chronic somatizing patients could be identified by screening computerized data tapes (Management Information System -MIS) for number of visits and types of diagnoses (ICD-9 codes) during a 1 year period. Review of patients' medical charts then confirmed the presence (or absence) of somatization. In this paper we test the hypothesis that we can identify high utilizing somatizing patients from the MIS by total number of visits and "somatization potential,"the percentage of visits for which the ICD-9 primary diagnosis code represents any disorder in the musculoskeletal, nervous, or gastrointestinal systems or ill-defined complaints. We developed a prediction rule in one group of patients and validated it in another.
Materials and Methods
From the three Lansing branches of the largest HMO in Michigan, we first generated a list from the MIS of all high users of care, arbitrarily defined as having six or more visits in the year of study (65th percentile). Then a physician rater, unaware of the hypothesis or predictors, reviewed patients' charts and identified chronic somatizing patients (as the gold standard) so that we could test our prediction.
Only computerized descriptive information and data in patients' clinical charts were involved in this study, which did not include informed consent and was in compliance with requirements for human subjects. The MIS included information on age, gender, all medical encounters, primary diagnoses (ICD-9 codes) from patients' usual care and other physicians, revenue codes, and charges for services. Subjects with any visits for pregnancy, substance abuse, or psychiatric attention were excluded.
Screening to Identify Somatizing Patients
From the MIS, we first identified all 21 to 55 year old patients who had at least one visit during 1995 to a physician, physician assistant, nurse practitioner, specialist, or emergency room; each hospitalization was counted as one visit. We did not use older patients because our goal, for another project, was to identify chronic somatizing patients with minimal comorbid organic disease. Of the 15,505 members at that time, 5,423 had six or more visits (65th percentile), and 1,000 of these patients were randomly selected for further evaluation. Of the 1,000, 94 were excluded because of pregnancy, substance abuse, visits for psychiatric care, or because they were employees of the HMO; 23 were excluded because of incomplete data. The remaining 883 patients constituted the study population. Excluded patients differed from the study group patients in age, gender, and employer Vol. 39, No. 9 A PREDICTION RULE FOR SOMATIZERS group, but not on the amount of copay (P ϭ 0.58) and relationship to subscriber (P ϭ 0.23). Excluded patients were on average younger (35.7 years vs. 40.3 years, P Ͻ0.0001) and 88% were female versus 67% for patients included in the overall study (P Ͻ0.0001).
From our hypothesis, patients screened positive with increasing numbers of visits per year and increasing percentages of ICD-9 diagnoses in the following ranges: 320 to 389, 520 to 579, 710 to 739, or 780 to 799. These codes represent, respectively, all diagnoses in the nervous system, gastrointestinal system, musculoskeletal system, and illdefined complaints, the diagnoses we referred to as having somatization potential; the value of clustering ICD-9 codes for other purposes has been demonstrated. 23 The following are examples from each of the four categories and the diagnoses that often had no organic disease explanation (on our chart review) are italicized: nervous system: meningitis, encephalitis, migraine, vertiginous syndromes; digestive system: cholelithiasis, regional enteritis, gastritis/duodenitis, irritable colon, constipation; musculoskeletal system: systemic sclerosis, polymyositis, unspecified disorder of joint, rheumatism and fibrositis, lumbago/sciatica/backache; illdefined condtions: coma, epistaxis, malaise/fatigue, dizziness/giddiness, headache. Table 1 shows the percent of all visits that were in the four main diagnostic categories. For example, in our sample of 883 patients, 231 had one or more visits that were coded as "disease of the digestive system" (gastrointestinal [GI] ). For these patients, the GI visits constituted on average 17.7% of all visits (median 14.3%; range 1.4% to 83.3%).
Gold standard diagnoses were established by a physician rating the 883 charts according to specific criteria. To offset expectation and diagnostic suspicion biases, 24 the rater was blinded to the hypothesis and predictors and did not use gender, number of visits, or specific symptom complexes in her diagnostic evaluations. Rather, a patient was evaluated based upon the presence or absence of data indicating organic diseases. Patients were classified categorically by their primary physical problem for the entire year as organic disease, somatization, or minor acute illness; psychiatric disease was also rated but rarely found. The primary problem was defined as the one generating the largest number of visits during the year. Organic disease was diagnosed by standard medical criteria and based upon clear physical signs of disease (eg, laceration, enlarged liver) and, almost always, definitive laboratory and consultative investigation; the rater relied upon expert judgment and referred to text material as needed. 25 Somatization was rated when, following objectivelybased diagnostic evaluation (definitive testing and consultative evaluation), patients were free of organic disease that contributed significantly to at least one physical symptom which must have been of at least 6 months' duration. Minor acute illness was rated when all physical symptoms were less than 6 months' duration and there was no documentation of an organic disease explanation for any symptoms or their degree of severity. Because minor acute problems typically were not severe or disabling, in contrast to somatization, definitive testing and consultation only occasionally had been performed, ie, patients with no investigation were not rated as somatizers. Symptom syndromes, such as irritable bowel syndrome or fibromyalgia, were classified by the above criteria as somatization or minor acute illness, and criteria unique for each symptom syndrome were not used, so that we have avoided some of the symptom overlap problem that can occur. 26 Psychiatric disease was defined by nonphysical symptoms such as stress or depression.
We used a single rater because we lacked funding to support multiple raters and because rating had been straightforward. After 10 h initial training, including practice rating on nonstudy charts, the rater rated 20 charts of nonstudy high utilizing patients. A priori, we set an agreement rate with the trainer, one of the authors (RCS), for primary diagnosis, of 90% (18 of 20 charts) before the rater began rating study patients. During the study, the trainer rated sets of 20 study charts already rated by the rater on three evenly spaced occasions during 1995, 1996, and 1997. The rater had high levels of agreement with the trainer throughout, varying from 90% to 95%. This level of agreement is not surprising because the trainer trained the rater, reflected also in the kappa of 0.93. Detailed instructions for the rater are available from the authors.
Statistical Methods
We used patient clinical chart review as the gold standard for somatization. Comparisons between somatizers and nonsomatizers were made by 2 analyses for categorical variables and by t-tests for continuous measures. When continuous measures did not exhibit a normal distribution we used the Wilcoxon Rank test instead.
We randomly selected two-thirds of our 883 patients as a derivation set for estimating our model. We employed logistic regression to assess the relative influence of the number of patient visits, ICD-9 diagnostic categories, and patient demographic factors on the likelihood of somatization-all the variables available from the MIS. Demographic variables included age, gender, copay, relationship to subscriber, and employment group (Table 2) .
A logistic model for somatization status was built on a derivation set of a randomly selected sample of 588 patients. We defined somatization potential as the percent of visits for which ICD-9 primary diagnosis groups fell into one of the following four: nervous system (codes 320 -389), gastrointestinal system (codes 520 -579), musculoskeletal system (codes 710 -739), and ill-defined complaints (codes 780 -799). Thus, all patients within these coding ranges, including those with organic diseases, were classed as having somatization potential. Somatization potential and total number of visits were treated as continuous variables as well as in multilevel categories. However, cross-classification of these factors with somatization status and gender revealed cell counts that were too small that resulted in the logistic model being unstable. Therefore, we used both somatization potential and number of visits as continuous variables in our model. The final logistic model was derived through a series of univariable models. To allow interactions of variables that otherwise might not exhibit significant association with the outcome, all variables that demonstrated a P Ͻ0.15 relationship with somatization in a univariate analysis were included in the initial multivariable model. We then used a step-down approach to retain only variables that revealed a strong independent association (P Ͻ0.05) with somatization. Selected interaction terms between predictor variables and variables excluded at the preliminary model building stage were then assessed for inclusion, but none were found to materially affect the predictive power of the final model. The final model was submitted to a series of influential diagnostics. We also assessed the model's goodness-of-fit by deviance statistics and the Hosmer-Lemeshow test. 27 A pseudo R 2 -statistic 28 was calculated for the final model, which in the context of logistic regression models represents the proportion of explained variation of the model relative to the maximum achievable value of R 2 . The accuracy of the model based on MIS screening to predict somatization status was determined by assessing its agreement with the chart review diagnosis using sensitivity (proportion of true positives) and specificity (proportion of true negatives) computed from the likelihood of somatization as predicted by the logistic model. 24, 29 To reduce bias in assessing these probabilities a modified jackknife procedure was used. We also computed positive and negative predictive values for a screening test based on the 14% prevalence of somatization among our high utilizing population. 24, 29, 30 The positive predictive value was the likelihood of somatization when the screener was positive, and the negative predictive value was the likelihood of not being a somatizer when the screener was negative. To depict the relationship between the proportion of true positives (sensitivity) and the proportion of false positives (one Vol. 39, No. 9 A PREDICTION RULE FOR SOMATIZERS minus specificity) we plotted the receiver operating characteristic curve (ROC curve). The greater the area under the ROC curve, measured quantitatively by the c-statistic, the greater the power of our model in discriminating between somatizers and nonsomatizers. 24, 29, 30 We validated the derivation set model using the remaining one-third sample of the 883 patients. Sensitivity and specificity were calculated based on the estimated likelihood of somatization from the derived model and a ROC curve was plotted for the validation data set.
Results
The demographic characteristics of all 883 patients in our study (122 somatizers, 761 nonsomatizers) are shown in Table 2 (column 3). The mean age was 40.3 years (range 20 -55 years) and 67% were women. The three main employers in the area, Michigan State University, General Motors, and the State of Michigan, employed almost 60% of our participants. Approximately 63% were direct subscribers to the health insurance, whereas 34% received their benefits as covered spouse. Because we sampled users who were 21 years or older, we had few who were covered as dependents of the subscriber.
Overall, the mean number of visits was 10.7 (median 9, interquartile range 7-13). The mean somatization potential was 35.6% (SD ϭ 25.1%), the median 33.3% and interquartile range 14.3% to 53.8%. Comparison of the somatizers and nonsomatizers (Table 2 , columns 4 and 5) revealed significant differences by gender (P Ͻ0.001), in the number of visits (P Ͻ0.0001), and in somatization potential (P Ͻ0.0001). Somatizers were more likely to have higher somatization potential, more visits, and be of female gender. There were no significant differences between these groups in age, employer group, copay amount or relationship of the participant to the main subscriber (Table 2 , columns 4 -6).
Derivation Set
A randomly selected sample of approximately two-thirds of the patients (n ϭ 588) formed the derivation set for constructing a logistic model for assessing the correlates of somatization status. As expected, the participant profile in the derivation set was similar to that of the whole sample.
Candidate variables for the final model were gender and, as continuous variables, the number of visits and somatization potential (percent of visits with the predicted ICD-9 codes). The final model contained as significant correlates of somatization, gender, total number of visits, and somatization potential (Table 3) . A search for potential influencing observations and outlying values did not reveal any observations whose exclusion would substantively improve the predictive power. Overall, scaled pseudo R 2 ϭ 45%, and the c-statistic, equivalent to the area under the ROC curve, was 0.90.
On the basis of our model we computed the probability of somatization in a given patient and derived the sensitivity and specificity afforded by the model at different probability cutoff points. These are shown in Table 4 and the corresponding receiver operating characteristic (ROC) curve is the upper curve in Fig. 1 . As highlighted, using a cutoff point of 0.04, the logistic model provided a sensitivity of 97.5% and a specificity of 54%. Based on the three predictor variables in Table 3 , this means that a subject is predicted to be a somatizer if the model yields a probability of somatization P Ն0.04. This probability P is determined from log͕P/͑1 Ϫ P͖͒ ϭ Ϫ 7.420 ϩ 1.146 ϫ Gender ϩ 0.166 ϫ NVisits ϩ 0.057 ϫ SPotential where Gender ϭ 1 if female, and 0 otherwise, NVisits ϭ Total number of visits, and Spotential ϭ Somatic Potential.
Varying the cutoffs produces a range of sensitivities and specificities shown in Table 4 . With a 14% prevalence of somatization, the corresponding predictive values positive and negative were 25.7% and 99.2% respectively. Using a cutoff of 0.40, the sensitivity was 49.4%, the specificity 95.9%, the predictive value positive 66.1%, and the predictive value negative 92.1%.
Validation Set
The model was prospectively validated in the remaining group of 295 patients. The validation set did not differ from the derivation set on somatization status (P ϭ 0.64), gender (P ϭ 0.19), age (P ϭ 0.65), total number of visits (P ϭ 0.33), and somatization potential (P ϭ 0.09). Univariate comparisons between somatizers and nonsomatizers in the validation set showed significant differences in gender (P Ͻ0.05), number of visits (P Ͻ0.02), and in somatization potential (P Ͻ0.01).
Using the same probability cutoff of 0.04 to classify patients, the algorithm correctly identified 39 of the 43 somatizers (sensitivity ϭ 0.91), and 129 of the 252 nonsomatizers (specificity ϭ 0.51). With a prevalence of 14% this led to a positive predictive value of 23% and negative predictive value of 97%. The ROC curve for the validation set is the lower curve in Fig. 1 ; the c-statistic was 0.78 (Table 3) .
Discussion
We developed a model that distinguished chronic somatizing patients from other high utilizing patients. We tested this prediction model on a second data set and validated its predictive ability.
This study exhibits several shortcomings, especially from our need to rely upon chart review to make gold standard diagnoses. 1) We depended upon how aggressively a doctor attempted to diagnose organic illness and upon how completely busy clinicians recorded their findings; with our study design, we were unable to obtain physicians' opinions but plan to do so in the future. 2) Without access to patients, we were unable to identify the patient's unique perspective or to diagnose specific 32 or direct patient interviews. 3) Our designation of somatization depended on identifying symptoms of 6 or more months duration, the minimal criteria specified for DSM-IV somatoform diagnoses. 1 If busy clinicians did not record duration, some somatization may have been missed in chart review. 4) We cannot be certain that either somatizing or minor acute patients did not in fact have organic diseases because we were unable to investigate each patient ourselves from a biomedical perspective. We guarded against this problem by requiring that definitive diagnostic evaluation have been performed before making a diagnosis of somatization. During follow-up chart review (for other purposes), we have observed no instances of an important organic disease having been missed when a diagnosis of somatization was made in its place initially. 5) We used our chart data in a categorical, mutually exclusive way to reflect an overall 1-year diagnosis so that we were unable to account for the significant overlap among categories that we observed. This, of course, reduced the information we gained, and we presently are developing a more refined rating procedure to accommodate this important problem, eg, patients with combined organic disease and somatization status. 6) We required a whole year of data before we could identify a patient as somatization, and we know only how well the model predicts somatization during the year rated. We do not know how well it predicts for the subsequent year.
In spite of problems expected when chart review is the only available source of diagnostic data, this research provides a starting point on a screening procedure not requiring clinicians' time for a common and important problem. Our observations in somatizing patients did in fact indicate that we had studied a typical chronic somatizing population. Table 5 shows the breakdown of symptoms and diagnoses identified by the rater for the 122 somatizers. The commonest problems were low back pain, muscle/joint pain, headaches, and irritable bowel syndrome-with approximately half of all symptoms and diagnoses in the musculoskeletal system. In addition, others have found that chart review itself may be superior to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition, (DSM-IV) 1 in identifying somatizing patients 33, 34 and that, indeed, DSM-IV has important shortcomings. 35, 36 Nonetheless, DSM-IV diagnoses should be sought to better understand these patients. We suspect that many patients we rated as somatizers will be in the less severe abridged somatization disorder category, 13 rather than fullfledged somatization disorder. 1 Although DSM-IV diagnoses and other psychiatric measures are needed to better define this high utilizing population, their absence in no way negates the importance of our findings from medical patients' charts-which presumably reflect what patients actually reported to providers as their major reasons for seeking care. Rather, complementing our chart-based data with DSM-IV diagnoses and other psychiatric measures is the necessary next-step.
There are additional caveats about this study. 1) The study focused on an HMO population, which may be different from other populations, and this study is based upon data from 1995, which may be different from 2001. We also do not know if other HMOs have similar capabilities on their MIS. 2) We were somewhat concerned about the decrease in the explanatory power of the validation model, the c-statistic falling to 0.78 from 0.90 in the derivation model. In discussing this with experts, we believe that the disparity reflects an inordinately high c-statistic from the derivation model and that the 0.78 value on the validation model is acceptable. Also concerning the high values for the c-statistic, the rater was blinded and did not use Vol. 39, No. 9 A PREDICTION RULE FOR SOMATIZERS criteria contained in the model (gender, number of visits, specific diagnoses) to identify patients for study and, rather, relied entirely upon criteria to exclude organic diseases. 3) Although it is likely that we excluded significant numbers of somatizers from study, our exclusion criteria were determined by our needs to identify a population of chronic somatizers for a management intervention. We thus identified a group of patients who were unlikely to be under specific psychological management but who were in need of treatment. 9,37 4) We did not consider patients with fewer than 6 visits per year. Although this population may also contain somatizing patients, we believed high utilizing patients would be of greater concern to physicians and those concerned with costs of health care. 5) As a preliminary study, these data need to be confirmed in other HMOs. Similarly, a broader range of variables will require evaluation as possible predictors; eg, specific diagnosis codes within each broad ICD-9 category and other combinations of diagnosis codes.
This study was designed to assist clinicians and health plan directors. If corroborated, these data suggest that if HMOs wish to identify most high utilizing somatizers, we would recommend a cutoff of 0.04. This would require subsequent chart review to exclude large numbers of false positives. Alternatively, physicians could identify false positive patients during clinical assessments. If chart review was not possible and the HMO did not wish to use physicians' time to exclude false positives, a cutoff point of 0.40 would identify about half of chronic somatizers and the low false positive rate would preclude the need for chart review; physicians could identify the few false positives during clinical assessment. From the raw data alone, we also know that the group of patients with at least one visit in any of the four somatization potential categories contained all 122 somatizers, 86 of whom had a somatization potential of at least 50%, and 650 nonsomatizers, of whom 201 had a somatization potential of at least 50%. Thus, at present, more research is needed to refine what could be a useful and simple procedure for identifying the often troublesome chronic somatizing patient. At this point, however, these data are mainly applicable to researchers and more work is needed. Future work will be most useful if it provides simple prediction rules and informs how they affect the probabilities of somatization, perhaps weighting predictors and even generating a simple score. Operationally, a system likely would build a program into the computer that entered gender, number of visits, and percent visits with one or more critical ICD-9 codes and, then, provided probabilities of somatization for providers and the health care plan. Previous attempts to develop screeners for somatization have been made using self-report questionnaires 21 and interviews, 22 but the PrimeMD has gained most prominence. 38 -40 With a different methodology from ours for defining somatization, using a structured interview, and by relying on physicians to decide if a symptom was unexplained, we must be cautious in comparing the PrimeMD to our screener. The PrimeMD takes the physician more than 10 minutes per patient to make a psychiatric diagnosis, and it has used cutoffs of three symptoms 38 and seven symptoms 38,40 to effectively achieve its goals. If our preliminary data can be corroborated, the MIS screener reported here has the potential attributes of being less expensive and placing no demands upon clinicians' time. Although its potential has been recognized, 20 we are aware of no previous studies screening for somatizing patients from computerized databases.
Others agree that an effective screening procedure for somatizing patients is needed. 7, 21, 40 Effective screening encourages a focus on management 20, 40 which, at present, is not well established or research-based in primary care. 41, 42 Successful RCTs for treating depression in primary care, however, provide hope and guidance. 43 Nonetheless, useful guidelines for treating somatization exist, 8, 9, 37 which can be used in developing and testing effective management programs.
